Taken together, these studies indicate that a mature form of VirG, probably lacking a carboxyterminal portion, can interact with F-actin.
Recently, we have used antibody that recognizes the aminoterminal but not the carboxyterminal portion of VirG to detect secreted VirG and F-actin-associated VirG in intracellular bacteria, and the results from these studies further support this view. If the cleavage of surface-exposed VirG that is seen in bacteria grown in vitro is also necessary for intracellular bacteria to spread, then the isolation of a mutant defective in in vitro cleavage of surfaceexposed VirG and showing some change in spreading ability would confirm the scenario depicted by Goldberg. Manning and his colleagues have shown that the HlyU protein, which regulates expression of the hemolysin gene (hlyA) in El Tor strain 017, may control other proteins nec'essary for full virulence that have not been identified so farlo. HlyU belongs to a family of small regulatory proteins that share a common helix-turn-helix domain, a characteristic feature of many classes of DNA-binding proteins. The introduction of a mutation into either hlyA or hlyU results in'an approx. lOO-fold increase in the LD,, value in an animal model of V. cholerae virulence. Although the hemolytic activity of exponentially growing hlyU mutant cells is practically nil, the difference in measurable hemolytic activity of the hlyU mutant and wild-type cells is not as great when using overnight cultures. The authors suggest that HlyA can accumulate in hlyU mutants. This residual amount of hemolysin may be enough to supply whatever benefit it confers in ho; if this is so, then the attenuation of the hlyU mutant could be attributed to a decreased production,of some other determinant controlled by HlyU.
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More compelling evidence for the existence of other HlyU-regulated virulence factors comes from in viva competition experiments in infant mice, and from SDS-PAGE analysis of proteins from wild-type and mutant cells. In mixed infection experiments, the hlyA mutant can compete with the wild-type strain for survival in ho, whereas the hlyU mutant consistently (although not dramatically) cannot maintain a 1:l ratio when coinfected with wild-type cellslo. One possible reason for the competitiveness of the hlyA mutant in mixed infection may be that the mutant cells derive a benefit from the hemolysin produced by the wild-type cells. However, the hlyU mutant, which would be exposed to hemolysin from wild-type cells as well, may be missing some other HlyU-dependent factor that cannot be supplied by wild-type cells. In SDS-PAGE analysis, a 28 kDa protein is detected in concentrated culture supernatants from hlyU+ cells that is not present in similar fractions from the hlyU mutants. This protein is not immunologically related to HlyA and, while its level in culture supernatants depends on hlyU, it is independent of hlyA (Ref. 10). By the same reasoning used for mixed infections between wild-type and hlyA mutant cells, it might be expected that the 28 kDa protein could also be supplied by wild-type cells to hlyU mutants in mixed infections. Perhaps HlyU also controls a critical, nonsecreted colonization factor.
Despite the presence of a hemolysin determinant and a mechanism to control its expression, the role of this factor in the pathogenesis of V. cholerae infection has not been established. Typically, invasion of host cells is not part of its lifestyle; indeed, ToxR-regulated gene products, particularly TCP, are designed specifically to enhance mucosal colonization. Stoebner and Payne showed that iron levels influence hemolysin production and proposed that hemolysin may be an alternative to the vibriobactin siderophore system for acquiring iron while infection is becoming established13. Recent work from Payne's laboratory supports this model: a double mutant cirith lesions in the genes encoding vibriobactin and a heme-uptake protein is attenuated in the infant mouse model of infection (S.M. Payne, pers. commun.).
The interaction between these regulatory pathways, if any, needs to be determined. ToxR does not seem to affect the expression of hemolysin or of Fur-IrgB-regulated genes. Apparently, the level of available iron is a common signal for the synthesis of both hemolysin and IrgA. Given that Fur controls the positive activator. IrgB, as proposed by Calderwood et al., the obvious question is whether Fur also controls HlyU expression. Whatever the answers to these problems turn out to be, it is already clear that colonization by V. cholerae is the result of the ability of the organism to integrate different signals through multiple pathways.
